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§33. Analysis of Non-Inductive Current and 
One Turn Voltage in LHD Experiments 
Watanabe, K.Y., Sakakibara, S., Yakovlev, M. 
In LHD device, the coil power supply is controlled to 
keep coil currents constant even while the plasma exists. 
However, the response time of the control is over lOs. 
As the results, any feedback control of the coil current is 
not effective during a typical plasma discharge, and the 
helical coil currents and poloidal coil currents change 
during the plasma discharge, which might affect to the 
estimation of the non-inductive currents. Here we show 
analyzed results the non-inductive current and one tum 
voltage. 
The non-inductive toroidal current, IN!, is estimated by 
the following equation, 
R/p =Vloop+RpINI 
Here Ip is the observed toroidal current and V\oop is the 
one tum voltage. In LHD, there is no loop coil to 
measure the one tum voltage inside the vacuum vessel. 
The one tum voltage is estimated by the following 
relationship, 
dI " dI . V =-L -P+~M.--.l.. loop Pdt; II' dt 
where the 1 st term and the 2nd term in right hand side 
are the self-induced part and the mutual coupling parts, 
respectively. dI/dt is the current increment in 
components surrounding the plasma. i denotes a 
component surrounding the plasma such as helical coils, 
poloidal coils and so on. Lp and Mp are the 
self-inductance of plasma and the mutual inductance 
between plasma and a component surrounding the 
plasma, respectively. In this paper, the following 
expressions are used as Lp, and Rp. 
( 8R) 1 Lp = L ext + Ii' L ext = floR log~ - 2 , I; = -;, floR, 
Rp = 2:rR/f adS, a = asp;tz (1- JEXI + 0.039JE)/(1 + 0.471JE), 
where L ext is the external self-inductance, Ii is the 
internal self-inductance, cr is the neoclassical electric 
conductivity, crspitz is so called Spitzer conductivity and £ 
is the toroidal ripple of magnetic field strength. A 
calculated database based on multi-filament model is 
used as Mip, which agrees with experimental results [1]. 
Figure 1 shows the time evolution of the observed 
toroidal current, the non-inductive current, the one tum 
voltage, the self-induced part and the mutual coupling 
parts in a NBI discharge. One tum voltage increases in 
the initial phase of discharge (t=O. 5~ 1 s), and then 
decreases. That reason is because the density rapidly 
increases in the initial phase, which leads to the increase 
of the non-inductive current (driven by NB here) and the 
resistivity. After t=ls, the density and the temperature 
are almost constant, the non-inductive current and the 
resistivity are also constant. One tum voltage decreases 
as the plasma current approaches to the non-inductive 
current. Here so-called L/R time is ~3.8s because the 
electron temperature keeps almost constant T eO~ 1. 8ke V. 
According to Fig. 1 , the self-induced part of the one tum 
voltage is three times larger than the summation of the 
mutual coupling parts. In the present power supply 
control of the coil systems, the active control is not 
effective within lOs. Then the increment of the current 
in the components surrounding the plasma is induced by 
the increment of the toroidal plasma current, which leads 
to the mutual coupling part of one tum voltage in the 
typical discharge. In the steady state, dIp/dt=O, V\oop 
becomes almost o. Here it should be noted that the inner 
helical coils contribution to one tum voltage is dominant 
among the mutual coupling parts. 
Figure 2 shows the dependence of one tum voltage on 
the observed net toroidal current under NB injection. 
Here one tum voltage of -0.3-0.3V is induced. The 
direction of the one tum voltage corresponds to 
decreasing the observed toroidal current because most of 
it is induced self-inductively. 
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Fig.l Time evolution of Ip, INI, and V1oop• 
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Fig.2 Dependence ofV1oop on Ip, under NB injection 
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